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DIMMING 
SIGNAL 

system comprises: a ?uorescent lamp With at least one elec 
trode having at least one corresponding heating ?lament; a 
?lament signal poWer supply for providing a ?lament current 
signal having a ?lament current frequency, the ?lament signal 
poWer supply connected to create a ?lament current through 
the at least one ?lament; and a plasma signal poWer supply for 
providing a plasma poWer signal having a plasma poWer 
frequency, the plasma signal poWer supply connected to cre 
ate a plasma current betWeen the at least one electrode and a 
gas contained in the ?uorescent lamp. The plasma poWer 
frequency is greater than the ?lament current frequency. 

26 Claims, 12 Drawing Sheets 
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METHODS AND SYSTEMS FOR DIMMABLE 
FLUORESCENT LIGHTING USING 

MULTIPLE FREQUENCIES 

TECHNICAL FIELD 

The invention pertains to ?uorescent lamps. Particular 
embodiments of the invention provide methods and systems 
for providing dimmable ?uorescent lamps and their support 
electronics (ballasts). 

BACKGROUND 

Fluorescent lamps are ef?cient light sources. Fluorescent 
lamps have a Wide variety of domestic and industrial appli 
cations, including lighting rooms, Work spaces and signs, for 
example. In general, ?uorescent light ?xtures comprise one 
or more ?uorescent lamps, each lamp providing a separate 
light source. Fluorescent lamps can vary in siZe, With larger 
lamps generally draWing more poWer and providing more 
light. 

Fluorescent lamps are a gas discharge type of light source. 
A typical prior art ?uorescent lamp 10 is shoWn in FIG. 1, 
along With its ballast 12, its poWer supply 14 and its starter 
sWitch 20. Lamp 10 also contains a small amount of mercury 
(initially in a substantially liquid or amalgam form) and one 
or more inert gases, usually argon, Which are under loW pres 
sure (eg a 1-5 torr). Ballast 12 conventionally comprises a 
ferromagnetic inductor 13. Fluorescent lamp 10 comprises a 
pair of electrodes 16, 18. Electrodes 16, 18 can act as anodes 
(positively charged) or cathodes (negatively charged). When 
electrodes 16, 18 act as cathodes, they can introduce electrons 
into the loW pressure gas of lamp 10. The cathodes are typi 
cally heated to promote thermionic emission of electrons. For 
this reason, electrodes 16, 18 typically comprise ?laments 
16A, 18A Which are coated With thermionic emission mate 
rials and Which are capable of being heated to thermionic 
emission temperatures. Typical ?laments 16A, 18A require 
heating poWer on the order of 0.5-5 Watts. 

For lamp 10 to create light, there must be current ?oW or 
“arc” through lamp 10 (i.e. betWeen electrodes 16, 18). Cre 
ating a current arc through lamp 10 typically involves provid 
ing a relatively large “ignition voltage” betWeen electrodes 
16, 18. The ignition voltage induces ioniZation of the inert gas 
in lamp 10 and initiates current ?oW betWeen electrodes 16, 
18. The required ignition voltage for a given lamp 10 depends 
on many factors. Typical commercial ?uorescent lamps of the 
“hot cathode” type operate With an ignition voltage in a range 
betWeen 150V-800V AC RMS. Preheating of ?laments 16A, 
18A tends to reduce the required ignition voltage. Typically, 
the ignition voltage is provided betWeen electrodes 16, 18 by 
ballast 12, Which Works together With starter sWitch 20 as 
explained brie?y beloW. 

During preheating, starter sWitch 20 is closed and AC pre 
heat current ?oWs through inductive ballast 12, ?lament 16A, 
sWitch 20 and ?lament 18A. Typically, this preheat current is 
at the same frequency as that of the ignition signal and the 
operating signal, Which may be 60 HZ, for example. The 
preheat current heats ?laments 16A, 18A, resulting in the 
emission of electrons. The preheat current also induces a 
magnetic ?eld in inductor 13 of ballast 12. During preheating, 
there may be some ioniZation of the gas in lamp 10; hoWever, 
during preheating, the voltage across lamp 10 (i.e. betWeen 
electrodes 16, 18) is not su?icient to create a current arc 
through the gas in lamp 10. Consequently, all current ?oWs 
through starter sWitch 20 and no current ?oWs through lamp 
1 0. 
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2 
When electrons are being emitted from ?laments 1 6A, 18A 

in suf?cient quantity and inductor 13 has been su?iciently 
charged, starter sWitch 20 is opened. When the current ?oW 
through sWitch 20 is cut off, the magnetic ?eld induced in 
inductor 13 collapses, causing an inductive voltage spike. 
This inductive voltage spike provides the ignition voltage 
across lamp 10 (i.e. betWeen electrodes 16, 18), Which in turn 
ioniZes the gas in lamp 10 and creates an arc of current that 
?oWs betWeen electrodes 16, 18. 

After an arc has been initiated, current noW ?oWs through 
lamp 10. Current ?oW is maintained through lamp 10 by 
electrons emitted from hot ?laments 16A, 18A and by the 
ioniZed gas particles in lamp 10. When current starts to ?oW 
through lamp 10, ?laments 16A, 18A start to cool doWn 
someWhat because current is no longer ?oWing through 
sWitch 20 and through ?laments 16A, 18A. HoWever, ?la 
ments 16A, 18A tend to stabiliZe at a slightly reduced tem 
perature because current ?oW through lamp 10 tends to heat 
?laments 16A, 18A (When electrodes 16, 18 are acting as 
cathodes). Arc current ?oWing through electrodes 16, 18 
tends to heat ?laments 16A, 18A su?iciently to maintain the 
?laments 16A, 18A at an emitting temperature. 

Heat generated by the arc discharge in lamp 10 provides 
energy to the mercury in lamp 10, increasing its vapor pres 
sure. Collisions betWeen charged particles and gaseous mer 
cury atoms cause electrons in the gaseous mercury atoms to 
occupy higher energy states. When these mercury electrons 
return to their ground energy state, they release ultra-violet 
photons. Lamp 10 is typically coated With phosphors (not 
shoWn), Which absorb the ultraviolet photons. Absorption of 
ultraviolet photons causes the electrons of the phosphor 
atoms to occupy higher energy states. When these phosphor 
electrons return to their ground energy state, they release 
photons in the visible spectrum. 

While an arc is maintained through lamp 10, the resistance 
through lamp 10 (i.e. betWeen electrode 16 and electrode 18) 
decreases. More speci?cally, the ?oW of electrons and ions 
though lamp 10 creates collisions With other atoms, liberating 
more ions and electrons and facilitating the ?oW of more 
current. Inductive ballast 12 helps prevent damage to ?la 
ments 16A, 18A and lamp 10 by limiting the total current 
through lamp 10. Since poWer supply 14 provides a knoWn 
AC signal, the inductance of inductor 13 may be selected 
appropriately to limit the current through lamp 10 to a desired 
level. 
A signi?cant drawback of prior art ballasts is cathode deg 

radation. As discussed above, ?laments 16A, 18A are typi 
cally coated With thermionic emission materials to increase 
electron emission. Evaporation and/or ion bombardment can 
remove these materials from ?laments 16A, 18A and may 
cause deposition of these materials on the glass Walls of lamp 
10 in a process referred to as “sputtering”. As thermionic 
emission material is sputtered onto the glass Walls of lamp 10, 
the material can trap gas molecules contained in lamp 10, 
reducing the internal gas pres sure Within lamp 10. Sputtering 
is a signi?cant cause of damage to, and failure of, ?uorescent 
lights. 

Sputtering is caused by evaporation of thermionic emission 
material from ?laments 16A, 18A When ?laments 16A, 18A 
are overheated, for example, by the preheating current and/ or 
the operating current. It is desirable, during preheating and 
operation, to increase the temperature of ?laments 16A, 18A 
to a level Where electrons are thermionically emitted from 
?laments 16A, 18A, While preventing the temperature of 
?laments 16A, 18A from increasing to the point Where ther 
mionic emission material evaporates from ?laments 16A, 
1 8A. 
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Sputtering is also caused by ion bombardment When the 
voltage difference betWeen a ?lament 16A, 18A and the gas 
Which surrounds ?lament 16A, 18A is too high. Ion bombard 
ment typically occurs When this voltage difference is on the 
order of 3.5V-4V or higher. Under such conditions, positive 
gaseous ions in lamp 10 may accelerate toWards ?laments 
16A, 18A With velocities Which can cause impact damage to 
?laments 16A, 18A. When the voltage difference betWeen a 
?lament 16A, 18A and the surrounding gas is less than 3.5V 
4V, the positive ions typically do not accelerate to damaging 
velocities. Sputtering caused by ion bombardment is preva 
lent during preheating, When the number of electrons that 
have been emitted from ?laments 16A, 18A is relatively loW. 
Lamp damage caused by sputtering reduces the useful life 

of ?ourescent lamps. Typical prior art ballasts provide up to 
100,000 lamps starts, after Which the damage to the lamp has 
become so signi?cant, that the lamp is unusable. In addition, 
sputtering reduces the e?iciency of ?uorescent lamps. Typi 
cal prior art lamps are about 30% e?icient (i.e. in terms of a 
ratio of poWer coming out in the form of light energy to 
electrical input poWer), but this ef?ciency drops With age as 
sputtering causes blackening of the lamp inner surfaces and 
also causes an increasing loss of internal gas pressure. Within 
a feW years of operation, the e?iciency of prior art lamps has 
typically reduced to approximately half of their original e?i 
ciency (~l5%). 

Fluorescent lamps, knoWn as “rapid start” lamps, incorpo 
rate the same basic principles as the lamps described above, 
except that rapid start ballasts are designed to provide heater 
current (to ?laments) at all times. Other modern ?uorescent 
lamps, knoWn as “instant start” lamps, incorporate a ballast 
design Which eliminates the preheating stage and ignites cur 
rent ?oW through the lamp With exceptionally high voltage 
signals. The exceptionally high voltages associated With 
instant start lamps can cause additional damage to the ?la 
ments. 

Some ?uorescent lighting incorporates electronic ballasts 
Which use inverters to transform the 60 HZ poWer line fre 
quency to a higher frequency signal, typically in a range of 20 
kHz-50 kHZ. Fluorescent lights incorporating electronic bal 
lasts also suffer from ?lament degradation due to sputtering. 

It is generally desirable to provide economical methods 
and systems for operating ?uorescent lights Which reduce 
?lament degradation due to sputtering. 

Another draWback With prior art ?uorescent lamps is that 
they are not conducive to Wide range dimming Which is desir 
able for energy conservation. Various efforts have been made 
to provide dimming ballasts in the prior art, but have had 
limited success because of general public disinterest and 
because of the high price of components for such dimming 
ballasts. It is desirable to provide economical systems and 
methods for starting and operating ?uorescent lights Which 
alloW the light emitted from a ?uorescent lamp to be e?i 
ciently dimmed over a relatively large controllable dimming 
range. 

SUMMARY OF THE INVENTION 

One aspect of the invention provides a system for operating 
a ?uorescent light, the system comprising: a ?uorescent lamp 
comprising at least one electrode, the at least one electrode 
comprising at least one corresponding ?lament; a ?lament 
signal poWer supply connected to output a ?lament signal and 
to create a corresponding ?lament current through the at least 
one ?lament, the ?lament current having a ?lament fre 
quency; and a plasma signal poWer supply connected to out 
put a plasma signal and to create a corresponding plasma 
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4 
current betWeen the at least one electrode and a gas contained 
in the lamp, the plasma current having a plasma frequency; 
Wherein the plasma frequency is greater than the ?lament 
frequency. 

Another aspect of the invention provides a method for 
operating a ?uorescent light, the method comprising: provid 
ing a ?uorescent lamp comprising at least one electrode, the at 
least one electrode having a corresponding ?lament; gener 
ating a ?lament signal Which creates a ?lament current 
through the at least one ?lament, the ?lament current having 
a ?lament frequency; generating a plasma signal Which cre 
ates a plasma current betWeen the at least one electrode and a 
gas contained in the ?uorescent lamp, the plasma current 
having a plasma frequency; Wherein the plasma frequency is 
greater than the ?lament frequency. 

Another aspect of the invention provides a system for oper 
ating a ?uorescent light, the system comprising: a ?uorescent 
lamp comprising at least one electrode, the at least one elec 
trode comprising at least one corresponding ?lament; a ?la 
ment signal poWer supply connected to output a ?lament 
signal and to create a corresponding ?lament current through 
the at least one ?lament, the ?lament current having a ?lament 
frequency; and a plasma signal poWer supply connected to 
output a plasma signal and to create a corresponding plasma 
current betWeen the at least one electrode and a gas contained 
in the lamp, the plasma current having a plasma frequency; 
Wherein the ?lament signal poWer supply is con?gured to 
commence outputting the ?lament signal in response to an 
ON/ OFF signal and Wherein the plasma signal poWer supply 
is con?gured to commence outputting the plasma signal after 
a preheat period A, the preheat period A commencing in 
response to the ON/OFF signal. 

Another aspect of the invention provides a method for 
operating a ?uorescent light, the method comprising: provid 
ing a ?uorescent lamp comprising at least one electrode, the at 
least one electrode comprising at least one corresponding 
?lament; generating a ?lament signal Which creates a ?la 
ment current through the at least one ?lament, the ?lament 
current having a ?lament frequency; generating a plasma 
signal Which creates a plasma current betWeen the at least one 
electrode and a gas contained in the ?uorescent lamp, the 
plasma current having a plasma frequency; Wherein generat 
ing the ?lament signal comprises commencing outputting the 
?lament signal in response to an ON/OFF signal and Wherein 
generating the plasma signal comprises commencing output 
ting the plasma signal after a preheat period A, the preheat 
period A commencing in response to the ON/ OFF signal. 

Further features and applications of speci?c embodiments 
of the invention are described beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In draWings Which illustrate non-limiting embodiments of 
the invention: 

FIG. 1 is a schematic illustration of a prior art ?uorescent 
lamp; 

FIG. 2 is a schematic diagram of a ?uorescent light system 
according to a particular embodiment of the invention; 

FIG. 3 is a schematic diagram of an exemplary plasma 
signal poWer controller and an exemplary plasma signal 
poWer supply that are suitable for use in the FIG. 2 system; 

FIG. 4 is a schematic diagram of an exemplary ?lament 
signal poWer controller and an exemplary ?lament signal 
poWer supply that are suitable for use in the FIG. 2 system; 

FIGS. 5A, 5B and 5C are schematic diagrams of sample 
Waveforms at various nodes in the plasma signal poWer con 
troller of FIG. 3; 
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FIGS. 6A, 6B and 6C are schematic diagrams of sample 
Waveforms at various nodes in the ?lament signal power 
controller of FIG. 4; 

FIG. 7 is a schematic diagram of a ?uorescent light system 
according to another particular embodiment of the invention; 

FIGS. 8A-8D respectively depict the con?nement regions 
and light-emission region(s) for a lamp of the FIG. 2 ?uores 
cent light system; and 

FIGS. 9A-9D respectively depict the con?nement regions 
and light-emission region(s) for the lamps of the FIG. 7 ?uo 
rescent light system; 

FIG. 10 is a schematic draWing of a plasma signal poWer 
controller according to another embodiment of the invention 
Which may be used in place of the plasma signal poWer 
controller of FIG. 3. 

DESCRIPTION 

Throughout the folloWing description, speci?c details are 
set forth in order to provide a more thorough understanding of 
the invention. HoWever, the invention may be practiced With 
out these particulars. In other instances, Well knoWn elements 
have not been shoWn or described in detail to avoid unneces 
sarily obscuring the invention. Accordingly, the speci?cation 
and draWings are to be regarded in an illustrative, rather than 
a restrictive, sense. 
One aspect of the invention provides a ?uorescent light 

system comprising separate poWer supplies for delivering a 
plasma signal and a ?lament signal Which in turn provide 
plasma current and ?lament current to one or more ?uores 
cent lamps. The frequency of the plasma signal may be higher 
than the frequency of the ?lament signal. Filament current 
alone is used to preheat the ?laments of the ?uorescent lamp. 
The ?lament signal may be controlled, such that the ?lament 
temperature during the preheat phase (and, subsequently, dur 
ing operation of the light) is conducive to thermionic emis 
sion of electrons, but is insu?icient to cause evaporation of 
thermionic emission material from the ?laments. After a short 
delay to alloW for preheating, a relatively high frequency 
plasma signal is introduced by the plasma signal poWer sup 
ply. The plasma signal may comprise an oscillatory signal 
having a plasma signal frequency greater than or equal to a 
dimming frequency threshold. 

The dimming frequency threshold may be selected to con 
?ne the expected value of the distance traveled by electrons 
during a half period of the plasma signal (for at least some 
amplitudes of the plasma signal) to less than a distance 
betWeen the electrodes of the lamp (in the case of a tWo 
electrode lamp) or less than a length of the lamp (in the case 
of a single electrode lamp). The expected value of the distance 
traveled by electrons during a half period of the plasma signal 
may be referred to as a con?nement region. In some embodi 
ments, the con?nement region is less than 50% of the length 
of the lamp (in the case of a single electrode lamp) or 50% of 
the distance betWeen the tWo electrodes (in the case of a tWo 
electrode lamp). In some embodiments, the con?nement 
region is less than 25% of the length of the lamp (in the case 
of a single electrode lamp) or 25% of the distance betWeen the 
tWo electrodes (in the case of a tWo electrode lamp). 

In some embodiments, the dimming frequency threshold of 
the plasma signal is above 150 kHZ. In some embodiments, 
the dimming frequency threshold of the plasma signal is 
above 250 kHZ. In some embodiments, the dimming fre 
quency threshold of the plasma signal is above 500 kHZ. In 
particular embodiments, the dimming frequency threshold of 
the plasma signal is above 2 MHZ. In some embodiments, a 
ratio of the frequency of the plasma signal to the frequency of 
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6 
the ?lament signal is 5 :1 or greater. In other embodiments, the 
ratio of the frequency of the plasma signal to the frequency of 
the ?lament signal is 10:1 or greater. In particular embodi 
ments, the ratio of the frequency of the plasma signal to the 
frequency of the ?lament signal is 50:1 or greater. The dim 
ming frequency threshold of speci?c embodiments may 
depend on a number of factors, such as the dimensions of the 
?uorescent lamp. When the frequency of the plasma signal is 
greater than the dimming frequency threshold, the poWer of 
the plasma signal may be adjusted to vary the luminosity 
output of the ?uorescent lamp, thereby permitting dimming 
of the ?uorescent light. 
The poWer of the plasma signal and the corresponding 

dimming of a ?uorescent lamp may be controlled by a dim 
ming input (eg by an amplitude of a dimming input). At 
some dimming input levels, a light-emission region of the 
lamp (corresponding generally to the lamp region Which is 
occupied by plasma) occupies the entire distance betWeen 
electrodes (in a tWo electrode lamp) or substantially the entire 
length of the lamp (in the case of a single electrode lamp). 
HoWever, When the dimming input is beloW a certain level, the 
con?nement of electrons and the correspondingly loW plasma 
signal poWer localiZe the plasma to the ends of the lamp 
adjacent the electrodes (in a tWo electrode lamp) or to the end 
of the lamp adjacent the electrode (in the case of a single 
electrode lamp). For tWo electrode lamps, When the plasma is 
localiZed in this manner, the corresponding light-emission 
regions of the lamp are also localiZed to the ends of the lamp 
adjacent the electrodes and there is a central non-light-emis 
sion region betWeen the tWo light-emission regions. For a 
single electrode lamp, When the plasma is localiZed in this 
manner, the corresponding light emission region is proximate 
to the electrode and there is a distal non-light-emission region 
at the end of the lamp opposing the electrode. For example, at 
some dimming input levels, each of the light-emission 
regions of the lamp may occupy less than the 50% distance 
betWeen electrodes (in a tWo electrode lamp) or less than the 
length of the lamp (in the case of a single electrode lamp). At 
some dimming input levels, each of the light-emission 
regions of the lamp may occupy less than 25% of the distance 
betWeen electrodes (in a tWo electrode lamp) or less than 50% 
of the length of the lamp (in the case of a single electrode 
lamp). At some dimming input levels, each of the light-emis 
sion regions of the lamp may occupy less than 12.5% of the 
distance betWeen electrodes (in a tWo electrode lamp) or less 
than 25% of the length of the lamp (in the case of a single 
electrode lamp). In general, for a given dimming level, the 
light-emission region Will be smaller When the frequency of 
the plasma signal is higher. 

FIG. 2 schematically depicts a system 110 for operating a 
?uorescent lamp 120 according to a particular embodiment of 
the invention. Fluorescent lamp 120 comprises a pair of elec 
trodes R1, R2, each ofWhich comprises a corresponding ?la 
ment RM, RM. System 110 comprises a plasma signal poWer 
supply 124, a ?lament signal poWer supply 126 and a 
matcher/combiner 119. As explained further beloW, system 
110 is controlled by ON/OFF signal 132 (typically a user 
input, but possibly an automated input). In response to acti 
vation of ON/OFF signal 132, ?lament signal poWer supply 
126 and plasma signal poWer supply 124 provide AC poWer to 
matcher/combiner 119. Matcher/combiner 119 comprises a 
transformer unit 118 Which, in turn, supplies ?lament current 
to ?laments RM, RM of electrodes R1, R2 and plasma current 
to lamp 120. 

In the illustrated embodiment, system 110 also comprises 
plasma signal poWer controller 122 and optional ?lament 
signal poWer controller 128. Plasma signal poWer controller 
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122 receives dimming signal 130 (typically a user input, but 
possibly an automated input) and controls plasma signal 
poWer supply 124 to adjust the luminosity output of lamp 120 
(i.e. to cause dimming of lamp 120). Optional ?lament signal 
poWer controller 128 may control the output of ?lament sig 
nal poWer supply 126 to regulate the temperature of ?laments 
RM, RZA and thereby minimize ?lament damage. 

To turn on ?uorescent lamp 120, ON/OFF signal 132 is 
activated and dimming signal 130 is set to some level betWeen 
0%-100%. In some embodiments, ON/OFF signal 132 is 
provided by a conventional ON/OFF sWitch (not explicitly 
shoWn) and a user turns the sWitch to an ON position to 
activate ON/OFF signal 132. Dimming signal 130 may be 
preset (i.e. prior to activating ON/OFF signal 132) or may be 
adjusted after ON/OFF signal 132 is activated. Dimming 
signal 130 is indicative of a dimming range betWeen 
0%-100%. By Way of non-limiting example, dimming signal 
130 may be implemented by a user-adjustable potentiometer 
(not explicitly shoWn) Which may be con?gured in a voltage 
divider circuit. In other embodiments, dimming signal 130 
may be provided using other digital or analog means Which 
Will be understood to those skilled in the art in vieW of the 
disclosure herein. For the purposes of explaining system 110 
of FIG. 2, it is assumed that dimming signal 130 is set to 
100%. Adjustment of dimming signal 130 Will be explained 
in more detail beloW. 

Filament signal poWer supply 126 receives ON/ OFF signal 
132. When ON/OFF signal 132 is activated, ?lament signal 
poWer supply 126 outputs AC ?lament signal 136. As shoWn 
in FIG. 2, AC ?lament signal 136 may be a square Wave 
signal. In some embodiments, the frequency of AC ?lament 
signal 136 is in a range of 10 kHz-200 kHz. In particular 
embodiments, the frequency of AC ?lament signal 136 is in a 
range of 20 kHz-75 kHZ. In some embodiments, it may be 
desirable to make AC ?lament signal 136 have a frequency 
that is suf?ciently high so as to avoid audible frequencies and 
to avoid the need for unnecessarily large transformers. In 
some embodiments, it may be desirable to make AC ?lament 
signal 136 have a frequency that is suf?ciently loW to mini 
miZe the so called skin effect in ?laments RlA, RZA. The 
frequency of AC ?lament signal 136 may be dependent on the 
characteristics of transformer unit 118. In some embodi 
ments, AC ?lament signal 136 has a duty cycle of approxi 
mately 50%, although this is not necessary. 
AC ?lament signal 136 may alternate betWeen ground and 

some non-Zero peak amplitude. In particular embodiments, 
the peak voltage amplitude of AC ?lament signal 136 is in a 
range of 12-24 V. In other embodiments, the peak voltage of 
AC ?lament signal 136 may be outside of this range. In still 
other embodiments, AC ?lament signal 136 may oscillate 
betWeen a maximum peak above Zero and a minimum peak 
beloW Zero. AC ?lament signal 136 may have an amplitude 
Which depends on the characteristics (eg Winding ratios) of 
transformer unit 118 and/or the characteristics (eg resis 
tance) of ?laments RM, RM. The characteristics of AC ?la 
ment 136 may be selected to realiZe particular signal charac 
teristics on ?laments RlA, RZA. In the particular cases (eg 
typical rapid start ?uorescent lamps), it is desirable that the 
signal on ?laments RM, RM be ~3.5V RMS or thereabouts, 
although other voltage levels may be desirable for other types 
of lamps and/ or other types of ?laments. 

In some embodiments, optional ?lament signal poWer con 
troller 128 controls the amplitude of AC ?lament signal 136 
using feedback signals 214 and 134. Feedback signal 134 
may comprise one or more sensed parameters indicative of 
the temperature of ?laments RM, RM. For example, such 
feedback signal 134 may comprise sensed values of the cur 
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8 
rent through one or both of ?laments RM, RM Which may be 
correlated to the temperature of ?laments RM, RZA. Feedback 
signal 214 may comprise a control signal input to ?lament 
signal poWer supply 126 Which causes ?lament signal poWer 
supply 126 to controllably vary characteristics of AC ?lament 
signal 136 to achieve a desired temperature of ?laments RIA, 
RZA. The operation of a particular exemplary embodiment of 
optional ?lament signal poWer controller 128 is explained in 
more detail beloW. 

Capacitor CF removes DC components from AC ?lament 
signal 136, resulting in ?ltered AC ?lament signal 136' at 
node 137 as shoWn in FIG. 2. In particular embodiments, 
capacitor C F is selected to be relatively large so as to substan 
tially eliminate DC components from ?ltered AC ?lament 
signal 136' and to substantially minimiZe potential resonance 
problems. Capacitor CF may be selected to minimiZe unde 
sirable attenuation of the AC component of ?lament signal 
136. In the illustrated embodiment, capacitor C F is shoWn as 
a part of matcher/ combiner 119. This is not necessary, in 
some embodiments, capacitor C F may be connected betWeen 
matcher/ combiner 119 and ?lament signal poWer supply 126. 

Filtered AC ?lament signal 136' Will typically have a fre 
quency and duty cycle similar to those of AC ?lament signal 
136. HoWever, With the DC components substantially elimi 
nated, ?ltered AC ?lament signal 136' Will oscillate around 
Zero. In particular embodiments, ?ltered AC ?lament signal 
136' may oscillate betWeen voltage peaks of :1V to 112V, 
although ?ltered AC ?lament signal 136' may have different 
amplitudes. 

In the FIG. 2 embodiment, transformer unit 118 comprises 
a pair of transformers T1 and T2. Transformer Tl may com 
prise a conventional single input-single output transformer 
(eg a uniform ferrite core transformer). Transformer T2, on 
the other hand, may comprise a single input-dual output trans 
former, Wherein a signal on its primary Winding P1 is trans 
ferred to a pair of secondary Windings S1, S2. In the illustrated 
embodiment, each of secondary Windings S1, S2 comprises a 
center-tap conductor, the function of Which is described in 
more detail beloW. Transformer T2 is preferably a RF trans 
former and may also comprise a uniform ferrite core. 

FilteredAC ?lament signal 136' appears across the primary 
Winding of transformer T1. In one particular embodiment, 
?ltered AC ?lament signal 136' is stepped doWn as it is trans 
ferred from the primary Winding to the secondary Winding of 
transformer T1. By Way of non-limiting example, the voltage 
amplitude of the signal on the secondary Winding of trans 
former T 1 may be stepped doWn to a range of 3-4 volts RMS. 
For typical rapid start lamps, the voltage on the secondary 
Winding of transformer T1 may be ~3.5 V RMS. In other 
embodiments (eg for other types of lamps or other types of 
?laments), the voltage amplitude of the stepped doWn AC 
voltage signal generated in the secondary Winding of trans 
former Tl may have other values. 
The stepped-doWn AC voltage signal generated in second 

ary Winding of transformer T 1 is then provided to the center 
taps 142, 143 ofthe secondary Windings S1, S2 of RF trans 
former T2. Preferably, secondary Windings S 1, S2 are selected 
to have properties such that, at the relatively loW frequency of 
AC ?lament signal 136, Windings S 1, S2 have minimal induc 
tive effect. The stepped-doWn AC signal at center-tap 142 
propagates via coil S l to node 144 of ?lament Rl A and to node 
147 of ?lament R2 A. Similarly, the stepped-doWnAC signal at 
center-tap 143 propagates via coil S2 to node 146 of ?lament 
RM and to node 145 of ?lament RM. The stepped-doWn AC 
signal appearing betWeen nodes 144, 146 of ?lament RlA 
creates a current betWeen nodes 144, 146 (i.e. through ?la 
ment RM) and the stepped-doWn AC signal appearing 
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between nodes 145, 147 of ?lament R2A creates a similar 
current betWeen nodes 145, 147 (i.e. through ?lament RZA). 
This current through ?laments RM, RM, heats ?laments RM, 
RM and causes ?laments RM, RM to thermionically emit 
electrons. 

In particular embodiments, the amplitude of AC ?lament 
signal 136, the capacitance of capacitor CF, the characteris 
tics of transformers T1, T2 and the characteristics of ?laments 
RM, RM (and their coatings of thermionic emission material) 
are selected, such that the current ?oW through ?laments RM, 
RM raises the temperature of ?laments RM, RM to the point 
Where ?laments RIA, R2A thermionically emit electrons, but 
not to the point Where thermionic emission material evapo 
rates from ?laments RM, RM. As discussed above and in 
more detail beloW, optional ?lament signal poWer controller 
128 may control the amplitude of AC ?lament signal 136 
using feedback signals 134 and 214. Such control may com 
prise analog or digital control and may be active throughout 
the operation of lamp 120 or only during the preheat phase. 

Plasma signal poWer supply 124 does not take part in the 
preheating process. In the illustrated embodiment, system 
110 comprises a delay unit 125. When ON/OFF signal 132 is 
activated, delay unit 125 introduces a preheat delay period A 
before delayed ON/OFF signal 132' is received at plasma 
signal poWer supply 124. Preferably, the preheat delay period 
A is long enough to alloW ?lament signal poWer supply 126 to 
heat ?laments RM, RM to a desired emission temperature. In 
some embodiments, the preheat delay period A is in a range of 
500 ms-4 s. Delay unit 125 may be implemented by suitable 
analog or digital circuitry Which Will be familiar to those 
skilled in the art. In other embodiments, delay unit 125 may 
be incorporated into plasma signal poWer supply 124 and/or 
into plasma signal poWer controller 122. 

After the preheat delay period A, plasma signal poWer 
supply 124 outputsAC plasma signal 138 betWeen nodes 131, 
139. AC plasma signal 138 may vary betWeen ground and 
some voltage amplitude level and may have an approximately 
half sinusoidal shape as explained in more detail beloW. The 
amplitude of AC plasma signal 138 depends on dimming 
input 130 provided to plasma signal poWer controller 122 and 
in turn on dimming control signal 160 provided by plasma 
signal poWer controller 122 to plasma signal poWer supply 
124. In particular embodiments, the peak amplitude of AC 
plasma signal 138 varies in a range of 0V-100V, but this range 
may generally be different (e.g. 0V-24V, for example). 
AC plasma signal 138 has a frequency that is greater than 

that of AC ?lament signal 136 and preferably has a frequency 
that is above a dimming frequency threshold. The dimming 
frequency threshold ofAC plasma signal 138 may be over 150 
kHZ. In some embodiments, the dimming frequency thresh 
old of AC plasma signal 138 may be over 250 kHZ. In some 
embodiments, the dimming frequency threshold of AC 
plasma signal 138 may be over 500 kHZ. In particular 
embodiments, the dimming frequency threshold of AC 
plasma signal 138 is above 2 MHZ. The dimming frequency 
threshold may be selected to con?ne the expected value of the 
distance traveled by electrons during a half period of the 
plasma signal (for at least some poWer levels of the plasma 
signal) to less than a distance betWeen the electrodes of the 
lamp (in the case of a tWo electrode lamp) or less than a length 
of the lamp (in the case of a single electrode lamp). In such 
cases, the con?nement region (i.e. the expected value of the 
distance traveled by electrons during a half period of the 
plasma signal) may be such that electrons are expected to 
travel betWeen a single electrode and the gas in the lamp but 
are not expected to travel betWeen electrodes during a single 
half period of the plasma signal. In some embodiments, the 
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10 
ratio of the frequency of AC plasma signal 138 to the fre 
quency of AC ?lament signal 136 is above 10. In particular 
embodiments, the ratio of the frequency of AC plasma signal 
138 to the frequency of AC ?lament signal 136 is above 50. 

Inductor L1 and capacitor C1 form a series resonant ?lter. 
The inductance of inductor L 1 and the capacitance of capaci 
tor C 1 may be selected to have a resonant frequency Which is 
substantially similar to the frequency of AC plasma signal 
138 and may be used to remove the DC component and tune 
out harmonics from AC plasma signal 138. Together, inductor 
L l and capacitor C l ?lter AC plasma signal 138, create a 
sinusoidal (or approximately sinusoidal) ?ltered AC plasma 
signal 140 at node 116. Filtered AC plasma signal 140 varies 
betWeen positive and negative peaks and has a frequency that 
is substantially similar to the frequency of AC plasma signal 
138. In particular embodiments, primary Winding P 1 of trans 
former T2 is selected to have a relatively small number of 
Windings, such that it provides relatively loW impedance and 
the corresponding voltage of ?ltered AC plasma signal 140 at 
node 116 is relatively loW. The loW impedance ofWinding P 1 
may be selected to help match the output impedance of the 
ampli?er (not shoWn) of plasma signal poWer supply 124. 

Filtered AC plasma signal 140 appears across primary 
Winding P1 of transformer T2. Corresponding AC plasma 
signals are created in secondary Windings S1, S2 of trans 
former T2. As shoWn in FIG. 2, nodes SlA, SZA of secondary 
bi?lar Windings S1, S2 are respectively connected to nodes 
144, 146 of electrode R1 and nodes SIB, S25 of secondary 
bi?lar Windings S1, S2 are respectively connected to nodes 
145, 147 of electrode R2. With this con?guration, the plasma 
signals created in secondary windings S1, S2 of transformer 
T2 do not create a voltage difference across ?laments RM, 
RZA, but rather create a voltage difference betWeen electrodes 
R1, R2. 
When the amplitude of the AC plasma signal at nodes S M, 

SZA of secondary Windings S1, S2 is high (eg at or near its 
positive maximum), the amplitude of the AC plasma signal at 
nodes 144, 146 of electrode R1 is correspondingly high and 
the amplitude of the AC plasma signal at nodes 145, 147 of 
electrode R2 is correspondingly negative. Similarly, When the 
amplitude of the AC plasma signal at nodes S 13, S23 of sec 
ondary Windings S1, S2 is high (eg at or near its positive 
maximum), the amplitude of the AC plasma signal at nodes 
145, 147 of electrode R2 is correspondingly high and the 
amplitude of the AC plasma signal at nodes 144, 146 of 
electrode R1 is correspondingly negative. In other Words, the 
AC plasma signal at electrode R1 is opposite in phase (i.e. 
approximately 1800 out of phase) With the AC plasma signal 
at electrode R2. In this manner, AC plasma signal 138 output 
from plasma signal poWer supply 124 creates a voltage dif 
ference across lamp 120 (i.e. betWeen electrodes R1, R2). 

In the illustrated embodiment, matcher/ combiner 119 
comprises a tuning capacitor Ct. Capacitor Ct, in combination 
With the inductance of Windings P 1, S1, S2 of transformer T2 
and the impedance of lamp 120, provide a resonant circuit. 
The capacitance of capacitor Ct may be selected such that the 
resonant frequency of this circuit corresponds With the fre 
quency of AC plasma signal 138. Preferably, capacitor Ct and 
the components of transformer T2 are selected to provide the 
resultant resonant circuit With a relatively high quality factor 
(Q factor). In some embodiments, the Q factor of this circuit 
is in a range of 50-250. With such resonant frequency tuning 
and such a high Q factor, the voltage of the AC plasma signals 
on secondary Windings S1, S2 is suf?ciently large to create an 
ignition voltage (e. g. in a range 20-50V RMS) betWeen elec 
trodes R1, R2. 
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The AC signal between electrodes R1, R2 of lamp 120 
(Which may be in a range of 20-50V RMS) provides an 
ignition voltage in lamp 120. More particularly, the AC signal 
betWeen electrodes R1, R2 tends to create a potential gradient 
in the gas betWeen electrodes R1, R2 and the surrounding gas. 
This AC potential gradient ioniZes the gas in lamp 120 and 
creates a current ?oW betWeen electrodes R1, R2 and the 
surrounding gas. This current ?oW betWeen electrodes R1, R2 
and the surrounding gas may be referred to as plasma current. 

During portions of a period Where there is a large negative 
voltage on electrode Rl (i.e. When R1 is acting as a cathode), 
this negative voltage tends to cause positive gas ions located 
in lamp 120 to accelerate toWard electrode Rl (see above 
discussion of ion bombardment). Similarly, during portions 
of a period When there is a large negative voltage on electrode 
R2 (i.e. When R2 is acting as a cathode), positive ions accel 
erate toWard electrode R2. HoWever, because of delay element 
125, the large AC poWer signals on electrodes R1, R2 caused 
by plasma signal poWer supply 124 and plasma signal 138 do 
not occur until after the preheat delay period A. 

During the preheat delay period A, ?lament poWer supply 
126 heats ?laments RM, RM of electrodes R1, R2 and causes 
a large number of electrons to be thermionically emitted from 
?laments RM, RM into the space around electrodes R1, R2, as 
described above. Once the thermionic emitting material on 
?laments RM, RM reaches emitting temperature, the thermi 
onically emitted electrons form a space charge Which tends to 
neutraliZe and sloW doWn positive ions before they impact 
electrodes R1, R2 (i.e. When electrodes R1, R2 are acting as 
cathodes). Accordingly, despite the large voltage on elec 
trodes R1, R2, sputtering by ion bombardment is minimiZed 
or essentially eliminated by the presence of thermionically 
emitted electrons generated by ?lament poWer supply 126 
during the preheat period A and during lamp operation. 

The ?oW of plasma current betWeen electrodes R1, R2 and 
the surrounding gas is maintained by the thermionically emit 
ted electrons (from the ?laments of electrodes R1, R2) and by 
the electrons and ioniZed gas particles in lamp 120. The 
?lament current generated by ?lament signal poWer supply 
126 and ?lament signal 136 maintains the temperature of 
?laments RlA, RZA at a temperature hot enough to continue 
thermionically emitting electrons, but, preferably, not hot 
enough to cause substantial evaporation of thermionic emis 
sion material. This contrasts With prior art methods Where 
?lament temperature is maintained by ion bombardment. 
Once a plasma current is established betWeen electrodes R1, 
R2 and the surrounding gas, light is emitted from lamp 120 as 
discussed above. 

After a plasma current is established in lamp 120, the 
impedance to plasma current ?oW in lamp 120 tends to 
decrease as a function of poWer level. More speci?cally, the 
?oW of electrons and ions Within lamp 120 creates collisions 
With other atoms, liberating more ions and electrons and 
facilitating the ?oW of more plasma current. Together, plasma 
signal poWer supply 24 and matcher/combiner 119 may be 
designed to limit the plasma current ?oW Within lamp 120. In 
particular embodiments, transformer T2 and capacitor Ct 
form a parallel resonant circuit Which presents a high imped 
ance that can offset the effect of the decreasing resistance in 
lamp 120. 
Dimming signal 130 alloWs a user, an automated process or 

the like to control the light output of lamp 120. More speci? 
cally, dimming signal 130, Which may be an analog or digital 
signal and may range from 0-100%, provides an indication of 
dimming level to plasma signal poWer controller 122 Which in 
turn controls the maximum amplitude (e.g. peak voltage) of 
AC plasma signal 138. In one embodiment (explained further 
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12 
beloW), plasma signal poWer controller 122 controls the peak 
voltage of AC plasma signal 138 by controlling a DC voltage 
level (dimming control signal 160 in the FIG. 2 embodiment) 
supplied to plasma signal poWer supply 124. 

Reducing the peak voltage of AC plasma signal 138 causes 
the light output from lamp 120 to dim. In some embodiments, 
the controllable dimming ratio of system 110 (i.e. the ratio of 
the maximum controllable luminosity output to the minimum 
controllable luminosity output) is over 1000:1. In particular 
embodiments, the controllable dimming ratio of system 110 
is over 4000: 1. In some embodiments, the ratio of the maxi 
mum plasma current poWer to the minimum plasma current 
poWer is over 1000: 1. In some embodiments, this plasma 
current poWer ratio is over 4000:1. In prior art ?uorescent 
lights Which operate With loW frequency plasma signals (e.g. 
beloW a dimming frequency threshold of 150 kHZ), reducing 
the amplitude of the plasma signal causes the light output of 
the lamp to quickly reduce to Zero because of inherent losses 
in the lamp. Without Wishing to be bound by theory, it is 
believed that these losses may be caused by collisions 
betWeen the current carrying electrons and the other particles 
in the plasma and Wall surfaces of the lamp. 

It is believed that the relatively high frequency of AC 
plasma signal 138 output by plasma signal poWer supply 124 
(eg above a dimming frequency threshold of 150 kHZ; in 
some embodiments, above a dimming frequency threshold of 
500 kHZ; above a dimming frequency threshold of 500 kHZ in 
other embodiments; and above a dimming frequency thresh 
old of 2 MHZ in still other embodiments) alloWs for signi? 
cantly higher dimming ratios than available in prior art ?uo 
rescent lighting systems. The particular dimming frequency 
threshold may depend on the dimensions of lamp 120. In 
particular embodiments, it may be desirable to select a dim 
ming frequency threshold to ensure that the expected value of 
the distance traveled by electrons during a half-cycle of AC 
plasma signal 138 is less than the distance betWeen electrodes 
R1, R2. In such embodiments, electrons may be said to be 
con?ned betWeen a single electrode R1, R2 and the surround 
ing gas in lamp 120, as described further beloW. 
The temperature of the electrons in the plasma of a 40 Watt 

T12 ?uorescent lamp has been measured to be on the order of 
11,000 K. Using BoltZmann’s equation (equation (1)), to 
calculate the energy of an electron in the plasma at this tem 
perature, and the kinetic energy of the electron according to 
the theory of special relativity (equation (2)), We can estimate 
the expected value of the distance that an electron is capable 
of traveling through lamp 120 during a half cycle of AC 
plasma signal 138 at various operating frequencies. 

BoltZmann’s equation is given by: 

EI3/2KT (1) 

Where K:1.38066><10_23 Joule/Kelvin is BoltZmann’s con 
stant, and T:11000 Kelvins, Which yields an energy of 
E:2.2780857><10_l9 Joules. According to special relativity, 
the velocity of an electron is given by: 

Where c:2.9979><108 m/s is the speed oflight, m:9.10939>< 
10-3 1 kg is the mass of an electron and v is the unknoWn speed 
of the electron. Using equation (2), the speed v of an electron 
in the plasma of a T12 ?uorescent lamp at 11,000 K may be 
calculated to be approximately 7.0722><105 m/s (i.e. 0.236% 
of the speed of light). 

(2) 
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At this velocity, it is possible to estimate an expected value 
of the distance that an electron could travel in the lamp plasma 
during a half period of AC plasma signal 138. For example, 
for a plasma signal having a frequency of 60 HZ, the distance 
that an electron couldtravel during a half period (8.33><10_3 s) 
is approximately 5 .9 km. This distance represents a relatively 
large distance over Which electrons could travel during a 
half-cycle. Without Wishing to be bound by theory, it is 
believed that When electrons move over such a large distance, 
they are relatively more likely to collide With other particles 
present in the plasma causing them to recombine With and 
neutraliZe ions present in the plasma and ultimately cause 
plasma volume or Wall losses. In contrast, When the plasma 
signal frequency is 2.5 MHZ, the distance that an electron 
(having a similar energy) could travel during a half period 
(2><10_7 s) is approximately 14.1 cm and When the plasma 
signal frequency is 50 MHZ, the distance that an electron 
(having a similar energy) could travel during a half-cycle 
(10-8 s) is approximately 0.71 cm, thus dramatically reducing 
the potential loss area and loss volume. 

NeWer, T5 ?uorescent lamps have a higher energy density 
than their older T12 counterparts. It has been estimated that 4 
foot T12 lamps (operating at their full rated poWer of 40 
Watts) have an energy density p of p~0.47157 Watts/Inch3 
and that T5 lamps (operating at their full rated poWer of 22 
Watts) have an energy density p of p~2.53666 Watts/Inch3. 
Using the energy density p of the T12 lamps and the measured 
11,000K temperature of the electrons in the T12 plasma, 
yields an energy density to temperature conversion factor 0t of 
(X:23326.3 (Inch3 Kelvin)/Watt. Accordingly, the estimated 
T5 energy density at full poWer (p) can be converted to an 
electron temperature in the plasma of a T5 lamp by multiply 
ing the energy density (p) by the conversion factor 0t to yield 
an electron temperature of 59170 K, Which is much higher 
than the electron temperature in the T12 lamp. At this electron 
temperature, equation (2) may be used to solve for the speed 
v of an electron in the plasma of a T5 ?uorescent lamp to be 
approximately 1.64024><106 m/s (i.e. ~0.55% or 1/183 of the 
speed of light). 
The speed of the electrons in the plasma of a ?uorescent 

lamp operating according to the invention Will depend on the 
dimming level (eg dimming signal 130 and/or dimming 
control signal 160) at Which the system is operating. The 
inventor has experimentally determined the speed of the elec 
trons in the plasma of a T5 lamp at loWest dimming levels by 
measuring the extent of the luminosity extending from the 
electrode and by dividing this distance by a half period of 
plasma signal 138. This experimentally estimated electron 
velocity in a T5 lamp at loW dimming levels Was on the order 
of4.9><104 m/s (~0.016% ofthe speed of light). 

It Will be appreciated that When the frequency of plasma 
signal 138 is greater, the electrons in the plasma are relatively 
con?ned (i.e. travel over smaller distances). Accordingly, 
While not Wishing to be bound by theory, it is believed that at 
higher plasma signal frequencies, the current carrying elec 
trons have less opportunity to collide With other particles in 
the plasma and correspondingly less opportunity to cause 
losses. 

Without Wishing to be bound by theory, it is believed that 
this electron con?nement phenomenon makes it possible to 
dim the luminosity output of lamp 120 over a large dynamic 
range (i.e. a large dimming ratio) by controlling the peak 
voltage of plasma signal 138 When the frequency of plasma 
signal 138 is above a dimming threshold frequency. For 
example, the inventor has experimentally determined that 
When the arc signal (i.e. AC plasma signal 138) is above a 
frequency of 13.5 MHZ, it is possible to dim the luminosity 
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14 
output of lamp 120 from 100% doWn to 0.025% in a 22 Watt 
T5 rapid start lamp. This represents a controllable dimming 
ratio of over 4000:1. In some embodiments, this dimming 
ratio betWeen the highest and loWest luminosity outputs of 
lamp 120 is over 1000: 1 . Generally, the loWest dimmed poWer 
is relatively constant for a given plasma current frequency, but 
the highest possible poWer is higher in longer lamps. Accord 
ingly, in such longer lamps, the dimming ratio is also higher. 

In the above description, it Was assumed that dimming 
signal 130 Was set at 100%. Dimming signal 130 may be 
adjusted to a reduced value. When dimming signal 130 is 
adjusted to a value less than 100%, plasma signal poWer 
controller 122 outputs a correspondingly loW dimming con 
trol signal 160 to plasma signal poWer supply 124 Which in 
turn causes a corresponding reduction in the amplitude of AC 
plasma signal 138. 

FIG. 3 schematically depicts one possible embodiment of 
plasma signal poWer controller 122 and plasma signal poWer 
supply 124 suitable for use With system 110 (FIG. 2). Plasma 
signal poWer controller 122 receives dimming signal 130. 
Dimming signal 130 may be an analog or digital signal gen 
erated by any suitable input means. In the illustrated embodi 
ment, dimming signal 130 is provided by a voltage divider 
circuit 157. Voltage divider circuit 157 comprises a variable 
resistor 156 Which has a physically manipulable resistance 
that varies in response to input 155. By Way of non-limiting 
example, input 155 may include a suitable rotational or slid 
able mechanism. In the illustrated embodiment, variable 
resistor 156 includes a center-tap Which provides dimming 
signal 130. In addition to variable resistor 156, voltage divider 
circuit 157 comprises a pair of additional resistors 154, 158. 
As shoWn in FIG. 3, resistors 154, 156, 158 may be connected 
in series betWeen a positive DC voltage rail (V cc) and ground. 
In one particular embodiment, Vcc may be 24V, although the 
V66 value may be different. 

In the illustrated embodiment, the total resistance of resis 
tors 154, 156, 158 is constant such that the current ?oWing 
through resistors 154, 156, 158 is constant. HoWever, 
manipulation of input 155 changes the amount of resistance 
156 above the center-tap and thereby changes the voltage of 
dimming signal 130. It Will be appreciated by those skilled in 
the art that voltage divider circuit 157 and variable resistor 
156 represent only one technique for generating dimming 
signal 130. Other circuit designs may be envisioned Which 
Would produce a dimming signal comparable to dimming 
signal 130. 

In the FIG. 3 embodiment of plasma signal poWer control 
ler 122, dimming signal 130 is received at the gate of transis 
tor 150. In the illustrated embodiment, transistor 150 com 
prises a p-channel FET transistor. When the voltage of 
dimming signal 130 (i.e. the voltage at the gate of p-channel 
FET 150) is su?iciently far beloW Vcc (e.g. approximately 
20V in embodiments Where Vcc is 24V), transistor 150 turns 
on and current conducts through transistor 150 from V“, 
through resistor 152 (connected to the source of transistor 
150) and to node 159 (at the drain of transistor 150). This 
current ?oW pulls node 159 upWardly toWard Vcc. In particu 
lar embodiments, Where Vcc is 24V, the voltage at node 159 
may be approximately 22V When transistor 150 is turned on, 
as there is some voltage drop across resistor 152 and some 
residual voltage drop across transistor 150. 

If the voltage of dimming signal 130 increases toWard Vcc 
(i.e. by suitable manipulation of input 155 and corresponding 
changes to variable resistance 156), then the gate to source 
voltage of transistor 150 decreases, thereby decreasing the 
current ?oW through transistor 150 and increasing the voltage 
drop across transistor 150 (i.e. betWeen the source and drain 


















